Modulation (PWM) operation technique, which we have called "of adjustable ramps", is analysed. This technique will be applied to an active filter in order to compensate the low harmonics content present in a load current.
Introduction
The switching signals generation technique used for the switches of any electronic converter have influence in its capability for reaching the desire objectives.
The aim of this paper is to compare, on the same electronic system and control strategy, different conventional switching signal generation techniques with a new one that we have called "of adjustable ramps" or Adjustable PWM. Figure 1 shows the electronic system chosen to accomplish this purpose. It corresponds to a three-phase neutral-pointclamped voltage-source inverter (VSI).
This generation strategies should guarantee that the supply currents follow, with the minor possible error (RMS), the reference current determined by the control strategy.
Synchronisation with the source voltage [1] is the selected strategy for the active filter control, that must achieve the two goals of maintaining a constant DC bus voltage and demanding a low harmonic distortion content currents with a displacement power factor near to the unity. The references currents will be obtained by multiplying the source voltages by a factor. This factor will depend on the existing error between a reference DC voltage and the measured value.
In the present paper switching frequencies bellow 4 kHz will be used in order to employ ferromagnetic core inductors.
The scope of the present work is the fixed switching frequency PWM operation techniques. Its aim is to prove how the adjustable ramps PWM proposed in [2] could be the best option to operate an active filter in order to attenuate the low order harmonics demanded by the load.
PWM Operation techniques for control signals generation
Basic analysis of the operation techniques for inverter signal control generation could be follow in [2] .
The PWM operation techniques studied in this work are Standard PWM, Symmetric PWM and Asymmetric PWM. These PWM techniques are represented in Figures 2 to 4.
We propose an Adjustable Ramps PWM that is represented in Figure 5 . The aim of this technique is to minimise the RMS error between the referent and measured current by determining dynamically the most suitable ramp (crescent or decrescent) according to the present error sign. 
Simulation Results
The three-phase active filter must correct the pattern current that presents the 5 th and 7 th harmonics, in the way that in the corrected source current these harmonics have a lowest value. If it is possible, these values should be below the 4% of the fundamental harmonic value.
The value of the different parameters of the active filter ( Figure 1 ) used for the simulation comparison appears on TABLE I. The pattern current used for this simulation is shown in Figure 6 and the corrected source current for the Adjustable PWM technique is shown is Figure 7 . The principal distortion indexes of the corrected source current are shown in The obtained current frequency spectrums depending on the operation technique are shown in Figures 8 to 11 . Individual Harmonic Distortion Indexes, normalised as percent of the fundamental harmonic, are use in these figures.
Only asymmetric and adjustable ramps reduce the THD value of the proposed pattern current. However, the distortion index is high (up to 12%) because of the low switching frequency used for the inverter control.
THD is lowest in the case of Asymmetric PWM that does not produce significant harmonics between 8 th and 27 th (both of them includes). The most significant harmonics are located in high frequencies corresponding to the switching frequency and its multiples. This technique produces few harmonics located at prefixed frequencies (multiples of the switching frequency) but does not fulfil the primary objective of reducing the 5 th and 7 th harmonics.
Finally, the adjustable technique produce a worse THD than the asymmetric one, in an order of 2%. However, the attenuation of the 5 th an 7 th harmonics of the pattern current is much better, resulting that only the dominant 7 th harmonic has an IHD greater than 4% (5,63%). This technique could be better in order to compliment the harmonics distortion normative.
Experimental Results
The proposed adjustable PWM technique has been compared with the Asymmetric PWM technique for the control of a mono-phase active filter with H-bridge inverter topology. This active filter corrects the current demanded by a rectifier connected to a resistor-inductor load.
The control strategy and control signals generation are implemented in a compatible PC equipped with a standard DAQ board. The system senses the source current and voltage and the DC bus voltage and uses two digital outputs as interface with the inverter switches drivers.
The values of the parameters used in the experimental system are show in TABLE III. The supply current demanded by the load before the active filter is on is shown in Figure 12 , and the corrected source current is show in Figures 13 and 14 . In Figures 15 and 16 details of the gating signals are shown.
Conclusions
The propose adjustable PWM [2] is a good operation technique for generating the gating control signals of an active filter in order to produce the best attenuation of the low order harmonics when the switching frequency is intentionally kept in low values (in this work bellow 4 kHz). 
